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Abstract 

During  the  reported  period  we  have  studied  a  number  of  important  phenomena  related  to  High-Q 
photonic  cavities. 

We  carried  out  detailed  studies  of  Fabry-Perot  resonances  ( transmission  band  edge  resonances) 
in  periodic  layered  structures  involving  birefringent  layers.  We  have  shown  that  the  presence  of 
birefringent  layers  with  misaligned  in-plane  anisotropy  can  dramatically  enhance  the 
performance  of  the  photonic-crystal  resonator.  It  allows  us  to  reduce  its  size  by  an  order  of 
magnitude  without  compromising  on  its  performance.  The  key  characteristic  of  the  enhanced 
slow-wave  resonator  is  that  the  Bloch  dispersion  relation  of  the  periodic  structure  displays  a 
degenerate  photonic  band  edge.  Such  a  situation  can  be  realized  in  specially  arranged  stacks  of 
misaligned  anisotropic  layers.  On  the  down  side,  the  presence  of  birefringent  layers  results  in  the 
slow-wave  resonance  being  coupled  only  with  one  elliptic  polarization  component  of  the  incident 
wave,  while  the  other  polarization  component  is  reflected  back  to  space.  We  have  also  shown 
how  a  small  modification  of  the  periodic  layered  array  can  solve  the  above  fundamental  problem 
and  provide  a  perfect  impedance  match  regardless  of  the  incident  wave  polarization,  while 
preserving  the  giant  slow-wave  resonance  characteristic  of  a  degenerate  photonic  band  edge. 

Both  features  are  of  critical  importance  for  many  practical  applications,  such  as  the  enhancement 
of  various  light-matter  interactions,  light  amplification  and  lasing,  optical  and  microwave  filters, 
antennas,  etc. 

We  have  investigated  general  properties  of  slow  light  in  photonic  crystals  and  other  periodic 
structures  is  associated  with  stationary  points  of  the  photonic  dispersion  relation,  where  the 
group  velocity  of  light  vanishes.  It  is  shown  that  in  certain  cases,  the  vanishing  group  velocity  is 
accompanied  by  the  so-called  frozen  mode  regime,  when  the  incident  light  can  be  completely 
converted  into  the  slow  mode  with  huge  diverging  amplitude.  The  frozen  mode  regime  is  a 
qualitatively  new  wave  phenomenon  -  it  does  not  reduce  to  any  known  electromagnetic 
resonance.  Formally,  the  frozen  mode  regime  is  not  a  resonance,  in  a  sense  that  it  is  not 
particularly  sensitive  to  the  size  and  shape  of  the  photonic  crystal.  The  frozen  mode  regime  is 
more  robust  and  powerful,  compared  to  any  known  slow-wave  resonance.  It  has  much  higher 


tolerance  to  absorption  and  structural  imperfections. 


Another  subject  of  studies  was  magnetic  Faraday  rotation  is  widely  used  in  optics  and 
microwaves  (MW).  In  uniform  magneto-optical  materials,  this  effect  is  very  weak.  One  way  to 
enhance  it  is  to  incorporate  the  magnetic  material  into  a  high-Q  optical  resonator.  One  problem 
with  magneto-optical  resonators  is  that  along  with  Faraday  rotation,  the  absorption  and  linear 
birefringence  can  also  increase  dramatically,  compromising  the  device  performance.  We 
addressed  this  problem  in  the  cases  of  optical  microcavities  and  slow  wave  resonators.  We  have 
shown  that  a  slow  wave  resonator  has  a  fundamental  advantage  when  it  comes  to  Faraday 
rotation  enhancement  in  lossy  magnetic  materials 

I.  OBJECTIVES. 


-  Theoretical  analysis  of  how  the  listed  below  factors  effect  the  performance  of  the  photonic- 
crystal  cavity: 

(i)  different  boundary  conditions,  (ii)  nonlinearity  and  losses,  (iii)  defects  and  localized  states. 

-  Studies  of  slow  wave  phenomena  in  bounded  photonic  crystals  with  dissipation  and  different 
spectral  singularities 

-  Enhancement  of  Faraday  effect  in  nano-photonic  structures. 

-  Enhancement  of  light-matter  interactions  in  nano-photonic  structures  at  optical  and  THz 
frequencies. 

-  Magnetic  Faraday  rotation  and  gain  in  active  media 

-  Consistent  electromagnetic  theory  for  elementary  charges 

-  Mathematics  of  slow  light 


II.  STATUS  OF  EFFORT 

-  We  established  the  relation  between  the  character  of  spectral  singularities  of  a  bounded  periodic 
array  and  its  resonance  properties. 

-  We  carried  out  detailed  analytical  studies  of  the  scattering  problem  for  electromagnetic  wave 
incident  on  a  semi-infinite  and  finite  periodic  stratified  media.  This  includes  both  the  cases  of 
normal  or  oblique  incidence. 

-  We  put  forward  a  theory  of  absorption  suppression  in  periodic  composite  structures  and 
successfully  applied  this  concept  to  magnetic  multilayers. 

-  We  have  refined  our  studies  of  the  Faraday  rotation  in  lossy  dielectric  materials  in  the  frozen 


mode  regime  and  its  application  to  the  light  amplification  and  lasing. 


-  We  demonstrated  that  the  magnetic  Faraday  rotation  can  be  enhanced  by  up  to  two  orders  of 
magnitude,  while  avoiding  the  problems  with  absorption  and  linear  birefringence.  We  also 
demonstrated  a  huge  potential  of  the  frozen  mode  regime  in  light  amplification  and  lasing 

-  We  extended  our  studied  of  wave  packet  in  nonlinear  media  to  a  model  of  elementary  charge. 
We  constructed  wave-corpuscle  mechanics  for  elementary  charges. 

-  We  constructed  a  consistent  electromagnetic  theory  of  elementary  charges  which,  in  particular 
resolved  an  old  problem  of  infinite  self-energy. 

-  We  advanced  further  our  electromagnetic  theory  of  elementary  charges  and  introduced 
elementary  potentials  and  fields  in  place  of  the  single  4-potential  and  the  electromagnetic  field. 


III.  ACCOMPLISHMENTS/NEW  FINDINGS. 


Our  work  with  Dr.  Vitebskiy. 

We  discovered  of  the  effect  of  dramatic  absorption  suppression  in  properly  designed  composite 
materials.  We  also  demonstrated  how  slow  wave  resonator  can  be  used  for  enhancement  of 
nonreciprocal  light-matter  interactions,  such  as  Faraday  rotation. 

We  discovered  of  the  effect  of  dramatic  absorption  suppression  in  properly  designed  composite 
materials.  We  also  demonstrated  how  slow  wave  resonator  can  be  used  for  enhancement  of 
nonreciprocal  light-matter  interactions,  such  as  Faraday  rotation. 

Our  work  with  Dr.  Babine. 

We  completed  the  developed  a  new  fundamental  model  for  an  elementary  charge. 

We  advanced  further  the  new  fundamental  model  for  an  elementary  charge  which  includes  now 
the  Hydrogen  atom  model  with  experimental  precision. 

We  introduced  a  new  fundamental  model  for  an  elementary  charges  with  no  self-interaction. 

Aaron  Welter  completed  his  graduate  studies  on  the  mathematics  of  slow  light  and  he  got  his 
first  postdoc  positions  in  FSU  and  MIT  for  the  next  3  years.  He  has  developed  a  constructive 
perturbation  theory  for  non-self-adjoint  matrices  with  degenerate  eigenvalues  and  found  explicit 
recursive  formulas  to  calculate  the  perturbation  expansions  of  the  splitting  eigenvalues  and  their 
eigenvectors,  under  a  generic  condition. 
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